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psj . B pa6oTe noKa3BiBaeTca, hto cB33aHHt>ie c HMeimMH BorojiioGoBa pQ, MajiKima [9] 



O . h MejibHHKOBa ITT] KjiaccuHecKne ycjioBHH GiKpypKaLuiH T-nepHOflHHecKHx penieHHft b 

D ■ 

Q ■ aHajiHTHHecKHx ^H(p(pepeHn;HajibHbix ypaBHeHiiax Btma 

i = /(ac) + e^(t,x,e), i£l 2 (1) 
b oKpecTHocTH T-nepiio^HHecKoro uiiKjia xq cooTBeTCTByromeft nopoxcflaiomeft cucTeMBi 
Q: x = /(x), iGK 2 (2) 

MoryT 6l»itb cymecTBeHHo ocjia6jieHL»i, kojil. cxopo B03Mym,eHHas cncTeMa (JTJ) o6jia,n;aeT 

CJie^yiOmHM CBOHCTBOM OTpHU,aTejIBHOCTH flHBepreHILHH 

+ e(0i)* 4 (*,z,e)<O, tGM, xGV, ee(0,e o ). (3) 

i=l,2 

3^;ecb V G M 2 - KaKaa-HH6y^B oKpecTHocrL. KpuBoft t H- xo(t) h £o > - jiio6aa no^xo- 
O ■ flanjaa KOHCTaHTa. 



Pe3yjit>TaTBi KjiaccuHecKoft TeopnH B03MymeHHH [D El E] cBH3aHt>i c pa3jio>KeHii6M 
onepaTopa IlyaHKape V e 3a nepnofl T > B03Mym,eHHOH cncTeMbi ([TJ) no cTeneHSM Majioro 
napaMeTpa e: 

P e (0(x, e)) = 0(x, e) + e A 7(x) + £ 2A J(x) + 

^ r^;e A G (0, 1], </>(■, e) - no;rxo,zLHirj;aa B3aHMooflH03HaHHaH 3aMeHa nepeMeHHbix n /, / h t. /i. 

- Tax Ha3L.iBaeML.ie GpKpypKauHOHHBie cpyHKLniH 1-ro, 2-ro h t. /i. nopa^KOB. ,H,Ji3 6ii(pyp- 
Kai^HH T-nepno^HHecKoro peineHHa CHCTeMti ([1]) H3 peineHiia x > TaKHM o6pa30M, Heo6xo- 
flHiio, hto6l.i Xq(0) 6biji HyjieM GHCpypKauHOHHoft (pyHKi^HH nepBoro nopaflica. HeBbipo>K- 
^eHHOCTb ^aHHoro Hyjia, to ecTL. o6paTHMOCTb npoH3BO^Hoii 6H(pypKan;HOHHoii <pyHKU,Hii 
nepBoro nopjLUKa b Xq(0), HBjiaeTca ^ocTaTOHHbiM ycjioBHeM 6H(pypKau,HH. HeBbipojK^eH- 
HOCTb Hyjia 6H(pypKau,HOHHofi (pyHKLUiH nepBoro nopaflica HMeeT MecTO b cjie^iyroiirLrx oc- 

HOBHL.IX CHTyaiLHHX 

1. Borojiio6oB [TJ: Bee peineHHH cncTeMbi (2) - T-nepno^HHecKiie h Xq(0) aBjiaeTca npo- 
CTbiM HyjieM (pyHKUHH ycpe^HeHHH 

J(v) = [ Q' x (0, r, Q(t, 0, v))g(T, n(r, 0, i;), 0)dr, 



r/i;e Q(-,t Q ,v) - peniemie CHCTeMbi ([2]) c HanajibHbiM ycjiOBneM a; (to) = v. 

2. MejibHHKOB [llj: peinemie cncTeMbi (2) c jik)6l»im HanajibHbiM ycjiOBHeM v - nepn- 
o^HHecKoe c nepno^OM T(v), s = aBjiaeTca npocTBiM HyjieM nepHO,n-(pyHKHHH 
s i—T- T(x (0) + x (0) ± s), rpfi v 1 - = col(— 1> 2 , t>i), a 9 = hbjihctcsi npocTBiM HyjieM 
cyGrapMOHHHecKofl GncpypKaHHOHHon (pyHKirnn MejibHHKOBa 9 i— > ir e{xq(9)) f '(xq(9)) , 
r^e 7Te{%o{@)) ~ onpe^ejieHHaa 2x2-MaTpHH,a. 

3. MajiKHH [9j Tji. VI, §2]: MaTpnua Q' x (T,0,xq(0)) HMeeT otjihhhoc ot ±1 co6cTBeH- 
Hoe 3HaieHHe n Tax Ha3BiBaeMaa GncpypKaHnoHHas: (pyHKiniH MajiKHHa-JIyzja 9 i— >■ 
7r J 4(xo(^))/(a;o(^)), rjj,e 7Ta(£o($)) - 2x2-MaTpHn,a, HMeeT # = npocTBiM HyjieM. 

Ecjih hh ojxho H3 yKa3aHHBix 3-x TunoB ycjioBHH He BbinojiHeHo, npHxo^HTCH 3a^en- 
CTBOBaTB GncpypKanHOHHyio cpyHKHHio / 2-ro h Bbicinnx nopniXKOB. IIojiyHeHHbie nepno- 
^HnecKHe peineHHH Ha3biBaioTC5i b stom cjiynae BbipojK^eHHBiMH pe30HaHcaMH. ^jih ^;oKa- 
3aTejibCTBa cymecTBOBaHHH BBipojK^eHHbix pe30HaHC0B 0Ka3biBaeTca nojie3Hoft HMeioma- 
aca b cHCTeMe jjpnojiHHTejibHaH crpyicrypa, cm. Txafi [13]. B oGmeM ace cjiynae ycjioBHH 
6n(pypKan;HH BBinncbiBaioTCH b TepMHHax peineHnft BcnoMoraTejibHbix nojiHHOMHajibHbix 
ypaBHeHHft, cm. KonHHH [5], Yagasaki [15J. 

B pa6oTax mhoitix aBTopoB (cm. ccbijikh b fTU\ El E]) noKa3biBajiocb, hto ycjioBHH Ha 
HeBBipojK^eHHOCTB Hyjien 6n(pypKan;HOHHBix cpyHKinin mojkct 6bitb 3aMeHeHO HeBbipoac- 
^eHHOCTbio hx TonojioriinecKoro HH^exca. OiXHaKO ycToiiHHBOCTb cooTBeTCTByiomnx ne- 
pno^HHecKHx perneHHH B03MyineHHOH cucTeMBi hbho ^,oKa3aHa (MaKapeHKOB-OpTera [7]) 
tojibko fljiH cjiynaa MajiKHHa. B stoh cTaTbe, nojib3yacb o/xhhm jiHinb TonojiornnecKHM 
HH^excoM h orpaHHHHBaacb cjiynaeM B03MymeHHbix cncreM ([1]) c aHajiHTHnecKHMH npa- 
bbimh nacTHMH h OTpHijaTejiBHoft jxHBepreHHnen (6biTb mojkct He HMeioin,eH MecTa npn 
e = 0), npe^jiaraioTCH pe3yjibraTbi 06 ycTOHHHBocTH TaKJKe b cjiynaax Borojno6oBa n 
MejibHHKOBa. 

1. PaccMOTpHM cHanajia cHTyainiio Borojno6oBa. HanoMHHM, hto cncTeMa D c T- 
nepHOiXHHecKOH no t npaBofl nacTBio HBjiaeTCH aHajiHTHiecKon b HeKOTopoii OKpecTHOCTH, 
ecjiH npaBaa nacTB pa3jiaraeTCH b stoh OKpecTHOCTH b psjj, no cTeneHHM (pa30Boft nepe- 
MeHHon n cxo/XHMocTb paccMaTpHBaeMoro pHjj;a paBHOMepHa no t h e. Hnxce mh ncnojib- 
3yeM noHHTHe HH^exca IlyaHKape ind(t>o,/) H30JiHpoBaHHoro HyjiH vq BeKTopHoro nojis 
/, KOTopbifi onpejj;ejiHeTCH Kax TonojiornnecKaH cTeneHb d(f,U) nojia / oTHocnTejibHo 
rpaHnn;bi Majion OTpbiTofi OKpecTHOCTH U tohkh Vq, cm. [B]. TonojiornnecKyio CTeneHb b 
paccMaTpnBaeMon ^ByMepHoii cnTyaunn mojkho onpe^ejiHTb KaK hhcjio nojmbix o6opo- 
tob, coBepniaeMbix BeKTopoM f(v(8)), b to BpeMsi xax v(9) o6xojj;ht vq, npn H3MeHeHHH 
ot flp 2tt, npoTHB nacoBoii cTpejiKn bj^ojib rpaHHn;bi dU OKpecTHOCTH U. Ilpn stom, 
KajK/xbiH H3 TaKHx nojmbix oGopoTOB 3acHHTbiBaeTC5i c nojio>KHTejibHbiM hjih oTpnn;aTejib- 
HblM 3HaKOM B 3aBHCHMOCTH ot Toro JJ,OCTHraeT BeKTop f(v(9)) BeKTopa f(v(0)) npOTHB 
nacoBon CTpejiKn hjih no ee HanpaBjieHHio, cm. [6j. 

TeopeMa 1. ITpednoAOMcuM, umo paccMampueaeMan eoaMyu^eHHaH cucmeMa (CP uMe- 
em T-nepuodunecKue no t npaeue uacmu u fieAfiemctt anaAumuHecKou e Ma/iou OKpecm- 
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Hocmu V T -nepuoduuecnozo pemenuH Xq, a ece peuienuR nopootcdawu^eu cucmeMU U3 
dannou onpecmnocmu neAfimmcfi T -nepuoduuecnuMu. Ecau eunoAHeno yc/ioeue ompuu,a- 
mejibHocmu dueepzenuxiu (EP u 

ind(x (0),-7) >0, (4) 

mo cymecmeyem Eq > manoe, umo npu e G (0, Eq] cucmeMa (QJ) UMeem no Kpauneu Mepe 
odno acuMnmomuHecKU ycmounueoe T -nepuodunecKoe peuienue x e manoe, umo x £ — > Xq 
npu e — > 0. 

IIpHMep 1. PaccMOTpHM cjie/xyioiiiHH BapnaHT ypaBHeHHH /XycpcpHHra: u+Ecu+E 3 au + 
E 2 bu 3 = e 2 7 cos ut, b kotopom a, b, c, 7, £ > 0. OyHKHHH w HBjiaerca peineHHeM jj;aHHoro 
ypaBHeHHs Torfla h tojibko Tor^a, Korfla a; = (u, (1/e)u) - peineHHe chctcmbi 

X\ = EX2, ^ 

X2 = — ecx 2 — £ 2 axi — Eb(xi) 3 + £7 coswt. 

CooTBeTCTByiomaH (pyHKHHH ycpe/XHeHHH / BbinncBiBaeTcs xax /(f) = col(t>2, — bvf — CV2), 
n HMeeT e^HHCTBeHHBiii HyjiB Vq = 0. IIosTOMy, GncpypKanna: 27r/co>-nepnojxHHecKoro peine- 
hhh cHCTeMbi (JSJ) B03Mo>KHa H3 o/jHoro jihuib pemeHHH xo(t) = 0. O/jHaKo, det||/ (0)|| = 
h ycpe^Hemie no nepBOMy npn6jin>KeHHio He no3BOJiHeT jj;oKa3aTB cynjecTBOBaHHe 6ncpyp- 
KanHH. BMecTO BbiHHCJieHHH BbicniHX npnGjiHaceHMH npHMeHHM TeopeMy 1, nocKOJibKy 
BbiHHCJieHHe jTHBepreHirnn b (popMyjie ([3D npHBO/XHT jj,jih chctcmbi §5§ k BbipaaceHHio — ec, 
to ecTb aBjiHeTca oTpnnaTe jibhoh . 3aMenaH, hto BeKTopHoe nojie / jinHeftHo roMOTormo 

TOJK^eCTBeHHOMy Ha MBIJIBIX OKpyjKHOCTHX C I^eHTpaMH B Vq = 0, npHXO^HM K 3aKJHOHe- 

hhio ind(0, — /) = 1. 3HaHHT, npn Bcex ^ocTaTOHHo MajiBix e > cncTeMa (EJ) ,n;eHCTBH- 
TejibHO HMeeT no KpanHeii Mepe ojxho acnMnroTHnecKH ycTOHHHBoe 27r/(X>-nepHOiXHHecKoe 
penieHHe, cxo/XHineeca: k npn e — > 0. 

2. riepeii^eM k cnTyaunn MejiBHHKOBa. Hnsce, no/j; cxojxhmoctbio BeKTopoB v £ G M? k 
MHOJKecTBy Xo(M) npn £ — Y noHHMaeTCH cxojxhmoctb b MeTpnxe Xayc^opdpa. 

TeopeMa 2. ITpednoAootcuM, umo paccMampueaeMan eosMyu^ennafi cucmeMa (QP twte- 
em T -nepuodunecKue no t npaeue uacmu u nejinemcH anaAumunecKou e Ma/iou OKpecm- 
nocmu V C M? T -nepuodunecKoso uukjicl xq. Lfycmu daAee nu odno U3 peuienuu nopootc- 
dawu^eu cucmeMU (0|) U3 Mnootcecmea V\xq{M) ne neAfiemcfi T -nepuoduuecnuM. Ecau 
eunoAHeno ycAoeue ompuu^ameAbnocmu dueepzenuuu ([3|) u 

d(-f,U)¥>l, (6) 

zde U - enympennocmb uxikao, xq, mo cyu^ecmeyem Eq > manoe, umo npu e G 
(0, £0] cucmeMa (Q|) UMeem no Kpauneu Mepe odno acuMnmomunecKU ycmounueoe T- 
nepuoduuecKoe peuxenue x e manoe, umo x e (0) — > Xq(M.) npu e — > 0. HauaAunoe ycAO- 
eue x £ (0) npudAuoicaemcfi k Xq(M) U3nympu uau cnapyotcu e 3aeucuMocmu om mozo 
d(-J, U) > 1 uau d(-/, U) < 1. 

IlpoBepKa ycjioBHH ([6]) mojkct npoBo^HTBCH Ha ocHOBaHHH aHajiH3a KjiaccnnecKHx 6h- 

(pypKai^HOHHBIX (pyHKHHH MajIKHHa H MejiBHHKOBa. IIpHBefleM O/XHH TaKOH KpHTepnfi [8 J . 
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06o3HannM nepe3 za peineHHe ypaBHeHHH z = —(f'(xo(t)))*z c HanajibHMM ycjioBHeM 
-2a (0) = (l/||£o(0)|| 2 ) xq(0), a nepe3 ze - peineHHe ^aHHofl jiHHeHHofi cncTeMbi c Hanajib- 

HMM yCJIOBHeM Ze(0) = Col(— £o,2(0), Xo,l (0)). IIOJIOJKHM 

rO+T 

M j (6)= (zj(T),g(T-9,x Q (T),0))dT, j — A, E. 
Je 

Ecjih Me HMeeT Ha [0, T) pobho flBa HyjiH 61,82 h HBjisieTcs b hhx cTporo mohotohhoh, a 
fljia: (pyHKi^HH M4 BbinojiHeHo ycjioBHe Ma(0\)Ma{02) < 0, to d(— /, U) npHmnvraeT jih6o 
3HaneHHe 0, jih6o 3HaHemie 2. 

IIpHMep 2. PaCCMOTpHM CHCTeMy 

£1 = x 2 (-(x\ + xl-2f +1) 

x 2 = — xi I -(xj + x\ — 2) p + 1 j — e 2 X2 + e sin(t). 

IIopo>K^aioHi,aH cHCTeMa npnycxaeT ceMeftcTBo hhkjiob xo,a(t) = 
col(asin((27r/T(a))t) , a cos ((27r/T(a))t)) c ne P Hon,aMH T(a) = 27r/((l/4)(a 2 - 2) p + 1). 
IIpH a = y/2 rjiz nepHo^;-(pyHKij,HH HMeeM T (a) = 27r, T' (pi) = ... = T^ 1 ) (a) = 0, 
(a) ^ h ycpenHeHHe no nepBOMy npnGjinaceHnio (hjih cTaHnapTHbift MeTon, Mejib- 
HHKOBa) He npHMeHHMO . BbiHHCjieHHe BBicninx npnGjiHJKeHHH fljiH n,aHHoro npHMepa 
npoBeneHO b |15| . ^jih nHBepreHiniH cncTeMbi (J2J) nojiynaeM 3HaneHne — e 2 , to ecTb 
ycjioBHe ([3]) BBinojmeHO. IIosTOMy, BMecTO npHBjieneHHH bmcuihx npn6jiH>KeHHH mm 
Hcnojit>3yeM TeopeMy 2. Ilpn jhoGom p G N cpyHKHHH h nojiynaeM bm- 
pa>KeHHH M A (0) = -^Trcos(fl), M E (0) = -y27rsin(#). Ycjiobhji yKa3aHHoro Bbinie 
KpHTepHH BbinojiHeHbi (nBa Hyjin Ha HHTepBajie [0, 2ir) ^aioTca cpopMyjiaMH 0\ = 
a 02 = 71"), nosTOMy ycjioBHe fl6]) BbinojiHeHO. IIpHMeHHH TeopeMy 2, 3aKjnonaeM, hto 
npn Bcex npcTaTOHHo Majibix e > CHCTeMa (|7|) HMeeT acHMnTOTHnecKH ycToflnHBoe 
27r-nepHO,nHHecKoe penieHHe, cxonnineecn npn £->0k Kpyry pannyca l/\/2. 

3. 06cynHM ocHOBHbie nnen npKa3aTejibCTBa npe^jio>KeHHbix TeopeM. ,Hji5i nojiyneHHH 
pe3yjit>TaTOB TeopeM 1 h 2 npeacfle Bcero ^OKa3BiBaeTcn nojiojKHTejibHOCTb TonojiorHne- 
ckoh cTeneHH onepaTopa IlyaHKape B03MymeHHOH chctcmm oTHocHTejibHo oxpecTHocTH 
tohkh Xo(0) b cjiynae TeopeMbi 1 h OTHocHTejibHo BHyTpeHHefl h BHenmeH oKpecTHocTeii 
MHoxce ctb a xo(M) b cjiynae TeopeMbi 2. B nepBOM cjiynae Hcnojib3yeTcn pe3yjibTaT Ma- 
BeHa [10J, a bo btopom TeopeMa KaMeHCKoro-MaKapeHKOBa-HncTpH [3] b coneTaHHH c 
pe3yjibTaTOM Capietto-Mawhin-Zanolin [2]. ,Hajiee Hcnojib3yeTcn cbohctbo (|3]) h TeopeMa 
H3 Nakajima-Seifert [12j, KOTopan no3BojineT 3aKjnonHTb cymecTBOBaHHe y B03MymeHHOH 
CHCTeMM ([1]) H30JiHpoBaHHoro T-nepHoniinecKoro penieHHH c hh^ckcom IlyaHKape +1. Ha- 
KOHeu,, acHMnTOTHnecKaH ycTofinHBocTb Taxoro pemeHHs cjienyeT H3 TeopeMbi KojiecoBa- 
OpTera HH3]. 

Hccjie^oBaHHH aBTopoB nonnepxcaHM rpaHTOM npe3HneHTa PO n,jin MOJio^bix KaH^H- 
^aTOB Hayx (MK-1530. 2010.1) h rpaHTOM POOH 09-01-00468. Hccjie^oBaHHsi nepBoro 
aBTopa TaK>Ke non^epacaHM rpaHTOM POOH 10-01-93112. 
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